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ABSTRAK 
Sistem pembumian berfungsi sebagai perlindungan kilat di loji perindustrian dan kuasa. 
Salah satu parameter utama untuk menentukan prestasi sistem pembumian adalah 
resistiviti tanah tempatan. Gipsum yang dihasilkan di kilang ataupon berlaku secara 
semula jadi, merupakan mineral putih atau kelabu yang lembut terdiri daripada kalsium 
sulfat terhidrat yang digunakan sebagai bahan penambahbaik tanah. Kandungan gipsum 
didapati meningkatkan kekonduksian bahan elektrik. Sebaliknya, gipsum merah (GM) 
adalah sisa yang dihasilkan daripada proses sulfat bijih ilmenit untuk memperoleh 
titanium dioksida. Oleh kerana kandungan gipsum dalam kedua-dua bahan adalah sama, 
diharapkan gipsum merah boleh menjadi alternatif kepada gipsum putih. Dalam kajian 
ini, GM diuji dan dibandingkan dengan gipsum putih untuk melaksanakan bahan asas. 
Ciri-ciri geoteknik seperti sifat fizikal dan kimia diuji terlebih dahulu, diikuti dengan 
menghasilkan graf soil water retention curve (SWRC) dan menentukan kelakuan 
resistiviti. Teknik kaedah titik embun cermin dingin dan teknik osmotik digunakan untuk 
menghasilkan SWRC manakala teknik 2 titik meter resistiviti kotak tanah digunakan 
untuk mengukur resistiviti kedua-dua gipsum dan GM dalam keadaan yang berbeza. 
Keputusan ujian menunjukkan bahawa sifat-sifat geoteknik GM adalah berbeza dengan 
gipsum putih. GM menyerap lebih banyak air dan mempunyai ciri plastisiti yang lebih 
tinggi berbanding dengan gipsum biasa. Keberintangan gipsum dan GM adalah 8 Ω.m 
dan 11 Ω.m, masing-masing. Ini menunjukkan bahawa gipsum putih adalah bahan 
penambaikan untuk sistem pembumian yang lebih baik daripada GM, namun 
perbezaannya didapati sangat kecil. 
. 
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ABSTRACT 
Earth grounding system serves as lightning-protection in industrial and power plants. One 
of the major parameters to determine the performance of the grounding system is the 
resistivity of local soil. Natural occurring or manufactured Gypsum, a soft white or grey 
mineral consists of hydrated calcium sulphate is used as ground enhancement material. 
The gypsum content was found to improve the electrical conductivity of materials. On 
the other hand, red gypsum (RG) is a waste generated from a sulphate process of ilmenite 
ore to acquire titanium dioxide. Due to the gypsum content in both material are similar it 
is expected that red gypsum can be an alternative to white gypsum. In this study, RG was 
tested and compared with white gypsum to perform a grounding material. The 
geotechnical properties such as physical and chemical properties were tested first, 
followed by establishing soil-water retention curve and determination of the resistivity 
behaviour. A chilled-mirror dew-point and osmotic techniques were used to establish 
SWRC whereas a 2-point resistivity meter and soil box attachment were used to measure 
the resistivity of both gypsum and RG under different condition. Test results showed that, 
the geotechnical properties of RG is different to that of white gypsum. The RG absorbed 
more water and has higher plasticity characteristic as compared to common gypsum. The 
resistivity of gypsum and RG are 8 Ω.m and 11 Ω.m, respectively indicating that gypsum 
is slightly better grounding material than RG, however the differences was found to be 
very small.  
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background 
Lightning strikes affect the building structures by producing high electric field on 
the surface and around the building structure (Omar et al., 2016). Up to the present, 
several methods have been proposed to improve the lightning performance of 
transmission lines, including utilizing unbalanced insulation, adding extra insulation, 
adding coupling overhead ground wires, reducing protective angles of overhead shield 
wires, decreasing grounding resistance of tower grounding devices, and installing line 
surge arresters on transmission lines (Youping et al., 2006).  
Earth grounding system serves as lightning-protection in industrial and power 
plants (Liu et al., 2019). When grounding system is under fault, the system will separate 
the fault current to the earth by providing low resistivity path to decrease the earth 
potential rise at the local grounding system (Nazar et al.,  2018). A grounding system 
refers to metallic wire of various geometric shapes and sizes, acting as electrodes and 
buried in the soil (Nazar et al., 2018) 
Usually, the impulse grounding resistance is used to measure the performance of 
transmission tower grounding devices, which is a ratio of the peak value of the impulse 
voltage generated on the grounding device and the peak value of the impulse current 
flowing through the device (Youping et al., 2006). The grounding impedance is reported 
13 
to be the most important criteria for the grounding system so its impedance should be 
maintained in low levels for long duration (Azmi et al., 2019). Soil type is a primary 
factor to determine the grounding resistance value but the problem is different soil 
possesses different behaviour and characteristic such as resistivity, ionization, and the 
level of corrosive environment (Azmi et al., 2019). Electrical resistivity of the soil can 
be considered as a proxy for the spatial and temporal variability of many other soil 
physical properties (i.e. structure, water content, or fluid composition) (Samouëlian et al., 
2005).  
Soil resistivity is the key factor that determines what the resistance of a grounding 
electrode will be, and to what depth it must be driven to obtain low ground resistance 
(Igboama and Ugwu, 2011). In fact, to obtain the low level of impedance in the rocky 
and sandy soil is somewhat impossible, therefore, many researchers have introduced 
several techniques to reduce and maintain the grounding resistant in low level (Azmi et 
al., 2019). . In these cases, ground enhancement materials or backfill material are used to 
enhance the grounding system to attain the required ground electrode resistance (Boling, 
2006; Lim et al., 2015). 
A good ground enhancement material should provide low earth resistance over a 
long period with little variation of resistivity value (Lim et al., 2015). Bentonite is one of 
the suitable example of backfill material in decreasing and maintaining the low grounding 
resistance of electrodes for a long time due to its high water absorption and retention 
tendency (Lim et al., 2015). According to research by Fukue et al., (1999), the resistivity 
for bentonite is high when water content is low, however, when the water content in 
bentonite is more than 40%, the resistivity is as low as 3Ωm. 
14 
Recently, researchers have taken an initiative to study the possibility to use the 
waste product in a grounding system (Azmi et al., 2019). Several types of waste products 
from the industry have been identified in reducing grounding impedance such as fly ash, 
rice straw ash and bagasse ashes (Nazar et al., 2018).  
On the other hand, white gypsum (WG) which occurs in several forms, most 
common among which are the dihydrate (CaSO42H2O) and anhydrite (CaSO4) are used 
widely in industry is also a water absorber, which may improve electrical conductivity of 
material is commonly used as backfill material (Karni and Karni, 1995).  
In addition, red gypsum (RG) is a kind of waste product that is produced during 
the production of titanium dioxide in the industry (Fauziah, et al., 1996). The total 
accumulation of RG in Malaysia is at least 340,000 tons per year (Kamarudin and 
Zakaria, 2007). One of the co-product which is RG which contain mainly iron hydroxide 
and gypsum (Fe(OH)2+CaSO4) (Fauziah, et al., 1996). RG is named due to its reddish 
brown like colour due to a high presence of Fe3+ (Iron III) but with a properties of 
gypsum. Due to the smaller particles of iron in contrast to the red gypsum particles, it 
will coat around the gypsum particles and thus suspected to be the main concern to its 
unexpected behaviour (August et al., 2003). 
In this study, RG is tested for its characteristic that will be useful information for 
unsaturated soil and highly plasticity clay that are current scarce. Highly plasticity clay 
is often used in creating a barrier or backfill material for grounding system. General 
properties such as physical and chemical properties are tested using standard laboratory 
procedure. Testing included the measurement of particle size analysis, cation-exchange 
capacity and some important properties including atterberg limit, surface area and organic 
matter  
46 
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